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NOTICE: When government or otkher drawings, specl-
fications or other data are used for esny purpose
other then in connection with & defiritely related
government procurement oOperation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatscever; end the fact that the Govern-
ment mey have formuleted, furnished, or in any wzy
supplied the sald drawings, specifications, or other
data is not to be regarded by implication or otker-
wise as 1n any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related .
thereto.
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TIHE NATIONAL PROGRAM FOR LUNAR AXD PLANETARY EXPLORATION>

Albert . Hibbs

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

I. INTRODUCTION

The Jet Propulsion Laboratory of the California Institute of Technelogy was
established more than twenty years ago to undertake research and development of

guided missiles. Until 1958, the end products of these activities were military wea -

pons systems. For example, the Corporal--the nation's first opcerational guided

missile--and its successor, the Sergeant--now entering operational status as a seo~
ond-generation succes sr to the Corporal--were the products of research and devel
ment efiorts of the Jet Propulsion Laberatory (JPL). In the pursuit of its objectives,
the Laboratory was responsible for numerous fundamental davelopments in rocketry,
cuidance, communication, instrumentation, etc.

T'hese skills, which the Laboratory had developed as the founder of Americun
guided missile technology, were used in the design and construction of this couniry’s
first successx;ul artificial satellite, Explorer I. At the time of launching of Explorer
I ‘January 31, 1958, the Laboratory was under contract to the United States Army,
and it joined with its companion organization, the Army Ballistic Missile Agency
(ABMA), uncer the technical leadership of Dr. Wernher von Braun, in the launciin -
of this satellite.

*This paper presents the results of one phase of research carried out a: the

Jet Propulsion Laboratory, California Institute ¢f Technology, under Contract NAS., -
6, sponsored by the Naticaal Aeronautics and Space Adminisiration.

ol
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In addition to a series of successful lavnchings of artificial satellites, JPL
and ABMA launched two probes intended for lunar exploration, Piloncer III and IV, -
Neither of these came sufficiently close to the Moon to merit the label of lunar probe;

nevertheless, Ploneer IV successfully escaped feom the gravitational field of the

[
Farpe

arth to taxe up its independent orbit around the Sun as this country's first artificial

planet.

his successful launching occurred in March of 1959, three months after the
Laboratory had been transferred f?om the direction of the United States Army to the
direction of the National Aeronautics and Space Administration (NASA). For more
than two years, the Jet Propulsion Laboratory has been one of the three space flight
centers of the National Aeronautics and Space Administ\ration.

The successful team which launched the Explorers and the first successful

Pioncer has been kept intact., Dr., Wernher von Braun's group at Hunisviile, Alabama,

also has b‘e'en transferred to the auspices of NASA and named the "George C.
Marshall Space Flight Center." The third spacc flight center has been organized
by NASA in Greenbelt, Maryland, under the name of the Goddard Space Flight Center.

The NASA has assigned to each of its three space flight centers their particu-

lar roles in the space flight program. Goddard Space Flight Center has been assigned

B
Wil

e responsibility for executing the Earth-satellite and sounding-rocket program, Th

[

NMarshall Space Fliight Center in Huntsville, Alabama,has been given assignment for

development and operation of the launching rockets. The Jet Propulsion Laboratory

in Pasadena, California, has been assigned the execution of the national program icr

lunar and planetary exploration. The current plans for this exploration program ar

L=y

described in this Report.




1II. THE LUNAR AND PLONZETARY

Figure 1 gives a planning schedule for the next ien years of lunar prograir

The lunar program is characterized by a sieady increase in the complexity o

~xploring spacecraft. The lunar program begins in 1961 with spacecraft developrac -
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flights and continues in 1962 with "rough landing' missions. ext, lunar orbiters

capable of photographing the Moon from a few hundred kilorneters above it, and lunar

-\44.

oft landers, capable of exploring their Immediate environs, occur in the period ir::.

1963 to 1965.

in the second half of the decade, more complicated and larger iunar vehicles

are employ ed. These vehicles are capable of returning samples of lunar material v

[

4
the Earth and roving over the surface to extend the exploration program to a muci

more diversified type of lunar materizl and surface.

The flight schedules to the planets are limited by the motions of the plancis i
their orbits. TFigure 2 lists the years in which flights to the planets are plamied svus

. the next decade.

The Planetary Program will begin in 1862 with = Venus fly-by passing cloze

.

(4]

be obtained either from Earth or an Earth satellite in this same time period. The
second flight, later in 1862, will gather only interplanctary data., Similar flight

+ S

be made past Venus in 1964 and possibly in 12350

In 1963, a Mars spacecraft will te flight-tested and in 1584 will be flown ¢

o'

mission to observe Mars. Availabilify of the Salurn i

decade will permit experiments with spacecrait sut in orbit around the target planzws

znougit 10 the planet to obtain better resolution in planetary measurements than coueld

ocster in the second naif of ihe
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ad landed on the surface of Mars and possibly on Venus If continued temperature

)

measurements indicate that this is praci.cal.

The 1

ncreased capability of Saturn vehicles will provide spacecraft flexibility

-t

o the e

L4

:ploitation of new discoveries and will allow such special missions as fly-bys
of Wercury and Jupiter and a flight considerably out of the plane of the ecliptic to be

flown near the end of the decade. :

Only the very earliest spacecraft involved in the lunar and planetary programs
are described here since only for these is Sufficien‘c design detail available to make
such a description valuable.

Two vehicles, Ranger 1 and 2, will be laﬁnched during the last half of 1881 to
begin the intefplanetary-exploration program. Figure 3 shows the trajectories for
these two spacecraft and the {rajectories for Ranger 3,4, and S.

Ranger 1 will be sent on a long elliptical trajeciory whose apogee is approx-
imately one milliocn kilometers from the Earth, whichAmeans that it will be launched
with a speed only slightly less than escape speed. Ranger 2 will be launched at a
speed slightly more than escape. As a result, although Ranger 1 should return to ihe
vicinity of the Earth and Ranger 2 should not, both will spend about the same araount
of time--the order of one to two months--measuring the characieristics of space at
the orcier of several hundred thousand to a million kilometers from the Earth.

Ranger 3,4, and S will be sent on trajectories toward the Moon and will carry
with them a capsule contfaining a seismometer. This capsule will be detached f* T
the main bus of the spac_ecraft, slowed by a retrorocketi, and landed on the surface at

a speed of a few hundred miles an hour.

RN
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ts the scientific experimenis wiaich will be carried out by the =
two Ranger spacecraft and the scientists assigned respons ibility for them. Mozo:

o0

the experiments are directed toward the ebjective of measuring interplanetary fic ds

and charged particles. There are two exceptions to this category; namely, a me:
surement of the density of 1merplané tary dust and an observation of the neutral
hydrogen geocorona.

The charged-particle measurements will be carried out by instruments
covering a range of energies. At the lowest energy range, there are electrostatic
analyzers capable of examining the spectrum of protons from 0 to 5000 electron volis
and the specirum of electrons up to a few ‘nundred. eleciren volts. Thesc analyzers
will thus be the first ones flown which extend their measurements into this very luw
region, characteristic of the hypothesized solar wind. Medlum-range particles will
be aetected by & group of counters relying both on the solid-state property of sem.i-

conductors and on traditional geiger tubes. Ionization chambers such as those £

0

on balloons in the Earth's aimosphere, and triple- \_omcxdence telescopes, such as
those which were used on Pioneer V, will complete the charged-particle measurc-
ments by covering the highest energy range in the neighborhood of 10 te 100 mev foz
protons.

Closely associated with the behavior of charged particles is, of course, e

a

behavior of the interplanetary and magnetic field. This will be measured witl
ium vapor magnetometer which will detect the strength of the field by measuring . .c

Larmor frequency separating the rubidium vapor lines whose fine siruciure has L..2%

split by an amount proporiionai o the strengih of the field,

bt

- e
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The nqﬂral hiydrogen cloud around the Earth wiil be observed

by a scanning
telescope which detects scattered radiation of the Lyman-alpha frequency. As the
spacecrait recedes from the Earth, this telescope will repeatedly scan the vicinity of
the Earth, including in its successive pictures a larger and larger field of view.

The micrometeorite detectors on the Ranger will give information on both the
energy and momentum of the particles striking it,

The sccond group of Ranger spacecraft, 3, 4, and 5, arc intended for lunar
exploration. Table 2 lists the experiments selected for these flights., As the space-
craft approaches the Moon, a succession of photographs will be taken by a vidicon

camera which is aimed toward the lunar surface. The vidicon tube will empioy a 230~

line scan, and the optics will be such as to take a picturc measuring approximaotely 4¢

kilometers on a side at the initiation of the picture-taking sequence and decreasing
steadily to 6§00 meters on a side for the last picture expected to be successiuiiy
recovered from the data. While the vidicon is in operation, a gamma-ray specirenti-

eter, positioned far from the spacecraft se as to avoid the effect of secondaries, wiil
measure the ambient radicactivity in the region of the spectral line associated with
e decay of potassium 40. This experiment has been so designed that, even if the

Moon is composed of material as low in natural radicactivity as the chondritic mete-

orites, the detector will observe the lunar potassium 40 line above the backzround
expected {rom interplanetary and cosmic-ray sources.

The seismometer carried in the capsule of Ranger 3, 4, and 5 is designed to

withstand the impact which it is expected to experience, and to operate thercaitor Jo.
a period of 30 to 60 days. Even if no internal seismic activity occurs on the Moon, il

is likely that the impact of metcorites on the Moon will create sufficient seismic dig-

turbances to be detected by this device.
“



Pigure £ shows a model of tiie spacecral Jor Mo

vapor magnetometer is located near the front end, wicre it is as for removed as

vT
o

possible {rom those purts of the spacceralt which muey introduce a spurious magnetic
3

field. The ionization chamber is below it, locaiced in a position wacre it will be

shiclded as little as possible by the structure of the spacecratt,

The six clectrostatic

M,

analyzers cre positioned so that they can see ireely along opposite directions of each

of three coordinate axes.

[ 2o}

hie spacecraft itself is powered by solar panels which operate after the atti-

o+
4
[@%

e-conirol system has successfully aimed the spacecraft directly at the Sun. The
attitude-control system will thereafter maintain this aiming direction throughout the
lifetime of the experiment. The directicnal parabolic an enna will be aimed at the

arth with the same attitude-=control system by means of rolling the spacecraft around

its longitudinal axis after the Sun direction has been fixed. In this way, and by :in

ing the antenna out from the spacecraft to the appropriate angle, the antenna can be
-made to point at the Earth.

Tigure 5 shows the proof-test model of Ranger I, a device ideniical in evely
way to the fiight model but one which will be subjected to much more rigorous icsii
ihan that emplecyed to check out the actual flight version. The rubidium vapor ma
netometer is inside the fiberglass casing at the top of the s{ructure; on a plaiform
near the base several,of the charged partiicle detectors can be seen in this Figurc.,

Figure 6 shows a mating test under way to ascertain that the nose cone of the

tlas-Agena B {its properly around the base of the spacecralt and onto the mating

rr
=1

structure. The hexagonal base of the spacecrait can be seen between the nose cons

and the base structure. Positioned around this hexagonzal base are the six boxes
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aining all of the elecironic parts reauired [or the seocossiul operation of the

spacecralt and its scientific instruments.

Tigure 7 shows a model of the Ranger 2, 4, and 5 spacecrafi. It can be Seen

1 and 2. However,

the superstructure containing the scientific instruments has been replaced by a super-

stiructure supporting an omnidirectional antenna and surrounding the lunar capsule

together with its retromotor, being developed by Aeronutronic Corporation under sub-

coniract to the Laboratory. This spacecraft is also powered by solar panels and

communicates with the Earth by means of a directional parabolic antenna.

Approximately 30 kilometers above the lunar surface, after the Spacecraft

:as been properly positioned, the capsule, together with its retromoior, will be

-

detached from the parent spacecraft,

The capsule is spun to rﬁaintain its aiming direction. “u.re;uter, the retro-
rocket is ignited, which slows down the capsule 10 a zero speed relative to the lunar
surface at an altituae of abo;lt 400 meters. The capsule then fails ireely from this
altitude to impact with a speed of about 30 meters per second

Variations in retromotor performance will, of course, result in a variatioa of
landing speeds. 'The expected standard deviation of 1avxcz‘nfr speeds 15 approximately

30 to 40 meters per second. The landing capsule and 211 of the instrumentation with-

in it--that is, the seismometer, its amplifier, iransmitier, and anienna, power

[

supply, righting mechanism, temperaturc ccnirol device, zerocing motor, and auto-

matic calibration device--have all been designed to withstand several thousand G's of

impact acceleration.

[wp]



—

e —— an

[

-

puer e ey

-kt

Wicure 8 shows the resulis

mumerous tezts which have beern

conducted to ensure that this design objeciive nze been met. This is not a lunar
crater but rather a terrestrial crater produced in blacktop By the impact of a sei: -

mometer dropped frora a helicopier at onc fhousand feet in the air. The seismomclar

is lying on the ground beside the crater. This scismometer, ces igned and develcp

under the direction of Professor Frank Press by members of the Seismological Laib-

ratory of the California Institute of Technology

test,

Detailed lists of experiments for the first flights in tne planctary exploratic:
program have not yet been fully formalized. However, commitiees of the Nationz?
Academy of Sciences! Spacg Science Board, as well as groups of consuliants workiay;
with NASA personnel to advise the Space Science Steering Commitice of NASA Tiernd-

quarters, have considered in some detail the most pressing problems of planetary

i FaaallT A.(

.science which should be investigated with our earliest prokbes.

Table 3 lists experiments which would be appropriate for a spacecrait decign.d
to make a single pass in the near vicinily of Venus. Some of the insiruments for “hese

[P S

experiments would be expected to produce their results only during ihe pericd =7 o

rnear-pass of the planet. Others would operate 2ll the way from Earth to Venus. The
magnetometer, for example, is in this latier cliass and consequently would have o “2
esigned to measu' ~e not only the fields of the order of a few gammas which arc
expecied to oécur in interplanetary space, but also fields of a gauss which m.y oou .z
in the close vicinity of Venus.
A spacecrzft designed to pass ciosce 1o the nlanet Mars would carry very

nearly the same instruments; however, their order of p rl*y would differ. A

»
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difference which obviocusly affecis the seiection of instrumen

nsirume nis is the fact that the
surface of Venus is not available to optical instrurments, as is the surface of Mars.,

Although no selection has been made for the experiments to be carried out by

the first spacecraft to be soft-landed on the Moon, the Laboratory has let a number of

subcontracis 1o various organizations for design studies of sessible insiruments.

Table 4 lists these instruments, iogether with a list of those companies engaged in

their study. Although a drill io penetrate a few feet into the lunz

b
vadll Ll

scientific instrument, it is considered so much a part of the scientific-instrument pay-

b i

_ load that it is listed along with those devices whose operation it will make possible.

in addition to the devices listed in this Table, the spacecraft will coniain several tele-

vision cameras with the total capabilily of a complete panorama sweep of the vicinity

of the spaceéraft as well as close-up observation of the material in the immediate
neighborhood of the spacecraft,

The most complex instrumentation system intended for use in the lunar craiver
is the optical mapping sysiem. Three companies, Radio Corporation of Americs,
Eastman—Kod?;k Company, and Fairchild Camera and Instrum oat Corporation, have
made design studies of such a visua"r:observétion—instrument systera. Il is also nec-
essary to develop a ground data-processing system that can handle the tremendous
volume of information which a lunar orbiter will malke available. Although the Moon

has only one-fourth the radius of the Earth and consequently one-sixieenth ifs suriac

PREFE S5 Y
area, it must be remeéembered that almost threc-quarters ol i

ocean. Thus, the surface of the Lioon to be mapped {rcem such & lunar orbiter is very

nearly equal to the surface of North and South America put tcgether. The creation of

“
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IV, CONGLUSIOAN

\ v oand (e mnmcoana it Cone o {a T 11 Initiatc

The instrumentation and the spaceeraft deneribad in this Report will Initiate

this nation's program for the exploration of the Moon and plancts, The successiul

development of this exploration proyram will yield, for example, geophysical and

I

,<ochemical information about ihe Moon which will help us to understand not only the

- s bea

nature of our sister planet but, perhaps, also something of the origin of the solar

system, since the Moon may still retain on its surliace the five-billion-ycar-old rec-

2
10

ord of these carl rocesses. It is possible that the biologic exploration of Alars ma
o &

reveal extraterrestrial life forms., The chemical analysis of such life, developing in
an ccclogy completely scparate from the Earth, may bring us closcr to the under

-

sianding of the origin of life, But even the excitement inhercent in such possibilitics

as these will undoubtedly be surpassed by the reality of the discoveries which le

I

before uc
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Sponsoring ageney/ experimenter(s)

Integrating ionization

chamber

Aedium-~con ergy-

par ticle dCt“CgO‘S

{a) geiger tubes ar

CdS detectors

1d

{b} Au-Si deiectors

lectrostatic
znalyzers

Lyman-zalpha
telescope

Cosmic-dust deteciors

University of Chicago/C. Y. Fan,

P. deyer, and J. /. Simpson

California Institute of Technology and JPL/
H. V. Ncher and H. R. Anderson

{a) State University of Iowa/ J. A. Van Allen

(b) University of Chicago/C.Y. Fan,
2. AMeyer, and J. A, Simpson

JPL /AL, Neugebauer and C. W. Sayder

Naval Research Laboratory and JPL/
T. A. Chubb and R. W, Xreplin

NASA Coddard Space Fliight Center/
W. M. Alexaader
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ixperirent
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(S
b

Capsule:
Seismology seismometer . Caltech/Columbiz U
i\ F. Press/M. Ewing
1
~ b R ~ - i
capsule lemperaiure :
measurcement ';
|
- i
Bus:
Photography of small vidicon television Jris
lunar area E. F. Dobles
v-ray spectroscopy gamma-ray U. of Calif. JLASL/JPL:
- spectrometer J. R. Arnold/
' M. A. Ven Dilla
B. C. Anderson/
) A, Metzger
Table 3. Scientific Mission for Mariner £-1
1. Venus temperatures {surface, atmosphere, ionosphere)
2. Venus atmospheric composition
3. Venus and interplanetary magnetic field
4. Near-Venus and interplanctary cusi and chargel particle specirum
L]
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Table 4. Lunar-Swwvevor-Ins

4 sasy e, t Ay I s
Insirument Studisgs

Study contractors

Drill

Shaped-charge hole drill

Ceophysical instrument package
{sound speed, temperature,
thermal diffusivity,
density, hardness,
magnetic susceptibility,
electrical resistivity)

1. Neutron activation’

2. X-ray spectrograph and
diffractometer

3. Gas chromatograph

128

. Maezss spectrometer

[S1]
.

Absorption spectrophotometer

b e e e i e s

Armour Research Foundatlon,

u
e

T

shes TC

poA

ol Co.,

o
=3
xaco, Iinc,

Wells Survey, Inec.

Wells Survey, Inc.
Kaman Aircraft Corp.

Philips Electronics and Pharmaceutical

Industries Corp.
Aerojet-General Corp.

The Bendix Corp.

Beckman Instruments, Inc.
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